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Abstract 


Research  Summary 


Aho,  Paul  E.  Losses  associated  with 
Douglas-fir  and  true  fir  tops  killed  by 
western  spruce  budworm  in  eastern 
Washington.  Res.  Pap  PNW-318. 
Portland,  OR:  U.S.  Department  ui 
Agriculture,  Forest  Service,  Pacific 
Northwest  Forest  and  Range  Experi- 
ment Station;  1984.  8  p. 

A  sample  of  133  Douglas-firs  (Pseudo- 
■  -cga  menziesii  var.  glauca  (Beissn.) 
i-ranco)  and  69  true  firs  (Abies  spp.)  witn 
dead  tops  caused  by  defoliation  by  the 
western  spruce  budworm  (Choristoneura 
occidentalis  Freeman)  were  felled, 
dissected,  and  examined  for  height  loss 
and  incidence  and  extent  of  decay. 
Height  loss  was  negligible  for  trees  with 
only  the  last  year  or  two  of  their  tops  killed 
by  defoliation  because  lateral  branches 
quickly  formed  new  tops.  Height  losses 
of  trees  severely  damaged  by  top-kill 
averaged  4.3  feet  for  Douglas-fir  and  4.4 
feet  for  true  firs,  but  some  trees  had  new 
tops  with  an  average  length  of  0.9  foot 
for  the  Douglas-firs  and  1 .1  feet  for  the 
true  firs.  Only  three  trees  were  infected 
by  decay  fungi,  and  associated  loss  of 
volume  was  negligible. 

Keywords:  Insect  damage  (-forest, 
increment  (height),  crown  damage, 
decay  (wood),  heartwood  rot,  western 
spruce  budworm,  Douglas-fir,  Pseudo- 
tsuga  menziesii,  true  fir,  Abies  spp., 
Washington  (eastern),  eastern 
Washington. 


From  1970  to  1979,  the  western  spruce 
budworm  (WSBW)  (Choristoneura  oc- 
cidentalis Freeman)  caused  extensive 
damage  on  the  Wenatchee  and  Okanoq- 
m  National  Forests  in  Washington  by 
aefoliating  1 .2  million  acres  of  Douglas-nr 
(Pseudotsuga  menziesii  var.  glauca 
(Beissn.)  Franco)  and  true  firs  (Abies 
spp.).  Severe  defoliation  often  kills  the 
tops  of  attacked  trees.  In  this  study, 
losses  in  height  and  losses  caused  by 
decay  associated  with  defoliation  of 
Douglas-fir  and  true  fir  tops  by  western 
spruce  budworm  are  estimated.  Esti- 
mates extrapolated  from  other  studies  of 
treetops  killed  by  WSBW  or  tussock  moth 
in  other  areas  may  not  be  applicable  on 
these  Forests. 

A  sample  of  133  Douglas-firs  from  14 
stands  and  69  true  firs  from  9  of  these 
stands  were  studied  to  determine  height 
and  decay  losses  associated  with  top 
damage  caused  by  defoliation  by  the 
WSBW.  Negligible  losses  in  height  were 
observed  for  both  species  when  only  the 
last  year  or  two  of  growth  of  treetops  was 
killed.  Lateral  branches  quickly  assumed 
dominance  and  formed  new  tops.  Height 
losses  of  trees  severely  damaged  by 
top-kill  averaged  4.3  feet  for  Douglas-fir 
and  4.4  feet  for  true  firs.  Regrowth  of  tops 
by  lateral  branches  was  about  1  foot  for 
both  species.  Apparently  lateral  branches 
lower  in  the  tree  are  less  vigorous  than 
those  nearer  the  original  treetop  or  trees 
with  extensive  top-kill  were  so  severely 
damaged  by  the  effects  of  defoliation  that 
the  laterals  could  not  respond. 

Only  three  of  the  sample  trees  with  dead 
tops  were  infected  by  decay  fungi. 
Average  basal  diameter  of  dead  tops  was 
less  than  1  inch.  Only  7  percent  of  all 
trees  studied  with  top-kill  had  basal 
diameters  larger  than  2  inches.  More  than 
four-fifths  of  all  the  top-killed  trees  had 
been  dead  fewer  than  6  years — too  little 
time  for  extensive  decay  to  develop.  Only 
five  dead  tops,  all  true  firs,  had  also  been 
attacked  by  bark  beetles. 

Decay  losses  associated  with  dead  tops 
should  be  low  on  the  Wenatchee  and 
Okanogan  National  Forests  if  conditions 
in  most  defoliated  stands  are  similar  to 
those  in  the  14  sampled  stands. 
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Introduction 


Methods 


From  1970  to  1979,  western  spruce 
budworm  (WSBW)  (Choristoneura  oc- 
cidentalis  Freeman)  caused  extensive 
damage  on  1 .2  million  acres  of  Douglas- 
fir  and  true  firs  on  the  Okanogan  and 
Wenatchee  National  Forests  in 
Washington  (Harvey  1982).  Damage 
varied  from  minor  defoliation  to  top-killing 
to  tree  mortality.  An  evaluation  was 
conducted  in  1980  to  quantify  stand 
volume  losses  caused  by  the  WSBW 
infestation.  Volume  lost  as  dead  tops  in 
trees  attacked  by  WSBW  and  from 
subsequent  decay  of  living  stems  below 
dead  tops  has  not  been  evaluated  in 
Washington.  In  addition,  height  losses 
caused  by  top-killing  and  the  portion  of  a 
"dead  top"  actually  dead  have  not  been 
quantified. 

In  Canada,  Stillwell  (1956)  found  0.5  to 
23  feet  of  decay  in  living  crowns  of 
balsam  fir  below  tops  killed  by  eastern 
spruce  budworm  35  years  earlier.  In 
grand  fir  in  Idaho,  Ferrell  and  Scharpf 
(1982)  found  columns  of  decay  typically 
from  2  to  3  feet  long  below  tops  killed  by 
WSBW  over  57  years.  One  dead  top 
resulted  in  cull  of  the  entire  tree. 

In  a  study  of  decay  losses  associated  with 
tops  killed  by  Douglas-fir  tussock  moth 
(Orgyia  pseudotsugata  McDonnough) 
defoliation,  little  deductible  defect  was 
associated  with  top-kill  of  white  fir  in 
California  after  33  years  (Wickman  and 
Scharpf  1 972).  In  1 979  in  eastern  Oregon 
and  Washington,  Aho  and  others  found 
4.8  percent  of  the  gross  cubic-foot 
volume  decayed  in  living  grand  fir  stems 
below  tops  killed  2  to  35  years  before  by 
tussock  moth  defoliation. 

In  this  study,  the  losses  in  height  and 
decay  caused  by  WSBW  top-killing 
Douglas-fir  and  true  firs  on  the  Okanogan 
and  Wenatchee  National  Forests  are 
estimated.  Extrapolation  of  estimates 
from  similar  studies  in  other  areas  or 
States  may  not  be  applicable  on  these 
Forests.  Tops  that  appeared  to  be  dead 
were  examined  to  determine  what  propor- 
tion were  still  alive. 


The  study  was  planned  to  be  conducted 
in  a  randomly  selected  subsample  of 
stands  from  a  study  conducted  by  Forest 
Pest  Management  (FPM)  of  the  Pacific 
Northwest  Region  of  the  USDA  Forest 
Service,  "Effects  of  western  spruce 
budworm  infestation  on  stand  volume  on 
the  Okanogan  and  Wenatchee  National 
Forests."  The  data  were  to  be  tied  to 
FPM's  evaluation  of  the  stands.  Because 
the  FPM  stands  could  not  be  destructively 
sampled,  similar  stands  close  to  those 
being  evaluated  by  FPM  had  to  be  found. 


Selection  of  Study  Stands  and 
Trees 

From  stands  that  were  close  to  the  FPM 
stands  and  that  had  been  severely 
defoliated  by  the  western  spruce  bud- 
worm up  to  10  years  before,  14  stands 
were  sampled  in  the  Okanogan  and 
Wenatchee  National  Forests  (table  1). 

Inland  Douglas-fir  was  a  component  of  all 
stands  sampled,  whereas  true  firs  occur- 
red in  only  nine.  True  fir  species  were: 
grand  fir  (Abies  grandis  (Dougl.  ex  D. 
Don)  Lindl  ),  Pacific  silver  fir  (A.  amabilis 
Dougl.  ex  Forbes),  and  subalpine  fir  (A. 
lasiocarpa  (Hook.)  Nutt.). 


Table  1 — Douglas-firs  and  true  firs  with  or  without  dead  tops  sampled  in  14 
stands  attacked  by  western  spruce  budworm  in  the  Wenatchee  and  Okanogan 
National  Forests 


Douglas-fir  tops 

True  fir  tops 

Ranger  District 

and  stand 

Not 

Not 

Not 

Not 

dead 

Dead 

1/    visible  2/ 

dead 

Dead  1/ 

visible  2/ 

Number 

of  trees 

WENATCHEE 

NATIONAL  FOREST 

Cle  Elum  Ranger  District: 

Cooper  Lake 

1 

5 

2 

0 

6 

3 

Little  Creek 

0 

5 

3 

0 

5 

3 

Thorp  Creek 

0 

6 

3 

0 

4 

3 

Ellensburg  Ranger  District: 

First  Creek 

1 

6 

2 

0 

5 

3 

Porky  Basin  #1 

1 

3 

4 

1 

6 

2 

Porky  Basin  #2 

0 

3 

5 

0 

5 

4 

Leavenworth  Ranger  District: 

The  Icicle 

1 

5 

2 

1 

5 

3 

OKANOGAN 

NATIONAL  FOREST 

Conconully  Ranger  District: 

Cabin  Creek 

3 

4 

5 

0 

0 

0 

Funk  Mountain 

1 

5 

3 

3 

4 

1 

Rusty  Creek 

6 

8 

2 

0 

0 

0 

State  Cabin  Road 

3 

5 

1 

1 

5 

2 

Twisp  Ranger  District: 

Li ttle  Bri dge  Creek 

1 

8 

8 

0 

0 

0 

Winthrop  Ranger  District: 

Goat  Wall 

1 

8 

7 

0 

0 

0 

Eightmile  Creek 

1 

8 

7 

0 

0 

0 

Total 

20 

79 

54 

6 

45 

24 

1/  Dead  top  visible  from  ground  before  tree  was  felled. 


2/  Dead  top  not  visible  until  tree  was  felled  and  dissected. 
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Results  and  Discussion 


Because  data  from  this  study  were  to  be 
applied  to  standing  trees  examined  by 
FPM  field  crews,  it  was  important  to  note 
whether  or  not  damaged  tops  could  be 
seen  before  trees  were  felled.  In  most  of 
the  stands  sampled,  it  was  nearly  impos- 
sible to  differentiate  between  trees  with 
healthy  and  dead  tops  while  trees  were 
standing,  unless  a  spike  top  protruded 
above  the  live  crown.  Many  trees  had 
their  tops  killed  in  the  past,  but  overtime, 
a  lateral  branch  had  assumed  dominance 
to  form  a  new  top.  The  dead  tops,  in  most 
cases,  were  hidden  from  ground  view  in 
the  live  crown. 

Attempts  were  made  to  locate  three 
apparently  healthy  and  five  top-killed 
Douglas-fir  and  true  firs  in  each  stand 
sampled.  Where  only  Douglas-fir  or  true 
fir  occurred,  the  sampled  was  doubled  (6 
healthy  and  1 0  top-killed)  for  the  species 
present.  In  some  stands,  all  trees  with 
top-kill  had  to  be  sampled  because  of  the 
small  population  of  trees  with  visible 
damage.  In  most  stands,  however, 
selection  could  be  made  from  a  large 
number  of  trees  with  dead  tops.  A  repre- 
sentative sample  was  selected  from  a 
range  of  trees  based  on  size  of  trees  and 
of  top-kills. 

Standing  sample  trees  were  carefully 
examined  by  use  of  binoculars  to  deter- 
mine top  damage,  evidenced  by  spike, 
bayonet,  forked,  or  crooked  tops.  If  no 
damage  was  seen,  the  top  was  consi- 
dered "healthy,"  even  if  the  top  was  found 
to  be  dead  after  the  tree  was  felled  and 
dissected.  Diameter  of  trees  at  breast 
height  (4.5  feet)  was  measured,  and 
other  indicators  of  decay  were  noted 
while  trees  were  still  standing. 

Dissection  and  Measurement  of 
Trees 


Selected  trees  were  felled  at  a  stump 
height  of  6  inches  and  dissected  into 
16-foot  logs  to  a  top  d.i.b.  (diameter 
inside  bark)  of  4  inches  (for  cubic  volume 
measurement)  and  to  a  top  d.i.b.  of  6 
inches  for  trees  1 1 .0  inches  and  greater 
in  d.b.h.  (diameter  at  breast  height)  to 
determine  board-foot  volume  according 
to  Aho  and  others  (1979).  Age  of  trees 
was  determined  by  a  ring  count  at 
stump  height. 


The  height  growth  of  trees  without  visible 
top  damage  was  measured  by  yearly 
increments  for  the  last  15  years  in  feet 
and  tenths.  Cuts  were  made  at  each 
node,  and  rings  were  counted  to  check 
ages  determined  earlier.  By  use  of  this 
system,  the  years  when  a  tree  did  not 
grow  in  height  (probably  because  of 
defoliation  by  the  WSBW)  could  be 
determined. 

For  trees  with  top  damage,  the  type  of 
damage  (broken,  spike,  bayonet,  forked, 
crooked  tops),  height  to  the  base  of  the 
dead  top,  basal  diameter  and  length  of 
the  killed  top,  length  and  diameter  of  new 
leaders,  secondary  damage  from  insects, 
and  extent  of  decay  below  and  above  the 
base  of  the  dead  tops  were  recorded. 
Each  apparently  dead  top  was  carefully 
examined  to  see  if  the  cambium  and  buds 
at  the  tips  of  lateral  branches  were 
actually  dead.  Length  of  live  portions  of 
"dead"  tops  was  noted.  The  age  (year  of 
origin)  of  the  top  damage  was  determined 
by  comparing  ring  counts  from  disks  cut 
immediately  below,  at,  and  above  the 
top-killed  portion.  Logs  were  further 
dissected  to  measure  extent  of  decay 
from  other  causes. 

Isolation  of  Decay  Fungi 

Culture  blocks,  about  27  cubic  inches  in 
size,  were  taken  at  the  base  of  and  just 
below  the  dead  top  and  from  wherever 
discoloration  or  decay  was  found,  usually 
near  other  indicators.  Blocks  were  placed 
in  an  ice  chest  or  were  refrigerated  until 
they  were  taken  to  the  laboratory.  The 
blocks  were  split  with  a  sterile  chisel,  and 
two  small  chips  (about  3  mm3)  were 
aseptically  removed  and  placed  on  malt 
agar  slants  in  test  tubes.  The  tubes  were 
incubated  on  a  bench  at  room  tempera- 
ture. The  types  of  micro-organisms 
isolated  were  noted  after  an  incubation 
of  6  weeks. 


Decay  Associated  With  Dead  Tops 


Basic  data  for  the  133  Douglas-firs  with 
top  damage  are  summarized  in  table  2. 
The  top  damage  in  54  trees  was  not 
visible  when  viewed  from  the  ground 
(table  1 ).  Only  one  dead  top  was  infected 
by  decay  fungi  (table  2).  Loss  from  decay 
was  negligible.  The  incidence  of  infection 
by  decay  fungi  was  probably  limited  by 
the  small  size  of  the  tops  and  the  recent 
origin  of  the  damage.  Average  basal 
diameter  was  0.5  inch,  and  age  of  dead 
tops  was  5  years.  Only  6  percent  of  the 
basal  diameters  of  the  tops  killed  were 
larger  than  2  inches.  Nearly  80  percent 
of  the  tops  had  been  dead  fewer  than  6 
years. 

Five  columns  of  decay,  associated  with 
injuries  other  than  top  damage,  were 
found  in  the  Douglas-firs  (table  2).  Cubic- 
and  board-foot  volumes  lost  because  of 
these  infections  were  small. 

In  the  nine  stands  of  true  firs  sampled, 
69  trees  with  dead  tops  were  studied. 
Only  two  tops  were  infected  by  decay 
fungi  and,  as  with  the  Douglas-fir  sample, 
loss  of  volume  was  small  (table  3). 
Infection  by  decay  fungi  was  probably  low 
because  of  the  small  basal  diameters,  the 
recency  of  top-killing,  and  the  low  inci- 
dence of  a  secondary  attack  by  beetles. 
Average  diameter  at  the  base  of  dead 
tops  was  0.9  inch,  and  only  six  diameters 
(9  percent)  were  larger  than  2  inches. 
Aho  and  others  (1979),  in  a  study  of 
decay  associated  with  grand  fir  tops  killed 
by  Douglas-fir  tussock  moth  defoliation, 
found  low  levels  of  infection  and  decay  in 
dead  tops  with  basal  diameters  of  less 
than  2  inches. 

Average  length  of  time  the  tops  had  been 
dead  was  5  years  (table  3).  Only  1 1  tops 
(16  percent)  were  dead  more  than  5 
years.  The  two  top-kills  infected  by  decay 
fungi  were  8  and  1 1  years  old. 
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Aho  and  others  (1979)  found  that  inci- 
dence of  infection  and  volumes  of  wood 
decayed  were  significantly  greater  when 
grand  fir  tops  were  killed  by  tussock  moth 
defoliation  and  were  also  attacked  by 
bark  beetles  and  wood  borers  than  when 
tops  were  killed  by  defoliation  only.  In  this 
study,  only  five  top-kills  (7  percent)  of  true 
fir  had  also  been  attacked  by  beetles.  The 
two  dead  tops  infected  by  decay  fungi 
had  been  attacked  by  bark  beetles  and 
wood  borers.  These  results  agree  with 
those  found  by  Basham  (1980)  in  his 
study  of  deterioration  of  balsam  fir  (Abies 
balsamea  (L.)  Mill.)  killed  by  spruce 
budworm.  All  trees  in  stands  heavily 
attacked  by  bark  beetles  had  advanced 
sap  rot  1  to  2  years  after  death,  but  no 
advanced  sap  rot  was  found  in  dead 
balsam  firs  in  stands  with  little  beetle 
activity. 

Twelve  infections  by  decay  fungi  were 
associated  with  injuries,  mainly  trunk 
wounds,  other  than  top  damage  (table  3). 
As  with  the  Douglas-fir  sample,  little 
decay  was  caused  by  these  infections. 

The  only  fungi  capable  of  causing  decay 
were  isolated  from  the  three  dead  tops 
that  had  columns  of  associated  rot.  Both 
decay  columns  in  true  fir  trees  were 
caused  by  Pholiota  limonella  (Pk.) 
Sacc.  Fomitopsis  cajanderi  (Karst.) 
Kitl.  et  Pouz.  was  responsible  for  the 
decay  associated  with  the  only  infected 
Douglas-fir  dead  top.  Most  micro- 
organisms isolated  were  fast-growing, 
nonhymenomycetous  fungi.  Bacteria 
were  also  frequently  isolated. 


Proportion  of  "Dead"  Tops 
Actually  Dead 


Entomologists  have  noticed  that  some 
portions  of  tops  that  appeared  dead  have 
put  on  new  foliage  in  succeeding  years.1 
In  this  study,  27  percent  of  apparently 
dead  Douglas-fir  tops  and  a  quarter  of 
true  fir  top-kills  were  not  completely  dead. 
The  average  length  of  apparently  dead 
Douglas-fir  tops  was  1.6  feet.  Average 
length  of  the  tops  actually  dead  was  1 .3 
feet.  The  difference  between  the  apparent 
top  length  and  the  actual  dead  length  for 
true  firs  was  0.5  foot  (1.9  vs.  1.4  feet).  In 
most  cases,  the  difference  between  the 
length  of  apparent  and  actual  dead  tops 
was  only  a  few  tenths  of  a  foot;  however, 
in  some  circumstances  the  difference 
was  substantial.  For  instance,  a  dead 
Douglas-fir  top  appeared  to  be  8.3  feet 
long,  but  the  cambium  and  branch  tips 
were  dead  only  3.8  feet  back  from  the  tip. 
Similar  observations  were  made  in  the 
true  fir  sample. 


1  Personal  communication  from  Robert  D. 
Harvey,  Jr.,  USDA  Forest  Service,  Pacific 
Northwest  Region,  Portland,  Oregon. 


Height  Losses 


When  only  the  last  year  or  two  of  the  tops 
of  Douglas-firs  or  true  firs  are  killed  by 
western  spruce  budworm  defoliation, 
little  height  growth  is  lost  because  a 
lateral  branch  quickly  assumes  domi- 
nance and  forms  a  new  treetop.  When 
defoliation  causes  a  treetop  to  die  back 
several  years,  height  growth  loss  is  more 
severe.  Average  height  losses  of  severely 
top-killed  trees  (the  last  3  or  more  years 
of  growth  was  killed)  were  4.3  feet  for 
Douglas-fir  and  4.4  feet  for  true  firs. 
Regrowth  of  tops  by  lateral  branches  was 
0.9  foot  for  Douglas-fir  and  1.1  feet  for 
the  true  firs.  Laterals  lower  in  the  tree  are 
less  likely  to  express  dominance  or  are 
slower  to,  perhaps  because  they  are  less 
vigorous  than  the  younger  laterals  near 
the  original  top  or  because  the  trees  with 
extensive  top-kill  were  so  badly  damaged 
by  defoliation  that  the  laterals  could  not 
respond. 

Williams  (1967)  has  shown  that  there  is 
a  differential  effect  on  severity  of  top-kill 
damage  to  host  tree  species  defoliated 
by  WSBW.  True  firs  (grand  and  subalpine 
firs)  are  apparently  more  severely  top- 
killed  than  are  Douglas-fir  by  budworm 
defoliation.  Such  a  difference  was  not 
observed  in  this  study,  possibly  because 
of  a  lack  of  a  secondary  attack  by  bark 
beetles  on  species  of  either  genus. 


6 


Conclusions 


Acknowledgment 


Metric  Equivalents 


Decay  losses  associated  with  top-kill  of 
Douglas-fir  and  true  firs  caused  by 
western  spruce  budworm  defoliation 
were  very  low  in  the  Wenatchee  and 
Okanogan  National  Forests  up  to  10 
years  after  the  infestation  subsided. 
Incidence  of  infection  and  extent  of  decay 
have  been  limited  by  the  small  basal 
diameters  of  tops,  the  recency  of  damage, 
and  the  lack  of  secondary  attack  by 
beetles.  There  did  not  appear  to  be  a 
differential  effect  of  damage  on  host 
species  as  reported  by  others. 

If  conditions  in  most  stands  severely 
defoliated  by  the  WSBW  in  the 
Wenatchee  and  Okanogan  National 
Forests  are  similar  to  those  found  in  the 
14  stands  sampled,  decay  losses  as- 
sociated with  dead  tops  should  be  very 
low.  If  deductions  for  decay  are  to  be 
made,  they  should  be  made  for  dead  tops 
with  large  basal  diameters  (>2.0  inches) 
and  for  secondary  attacks  by  beetles. 
Even  under  these  conditions,  decay 
losses  would  be  low  because  the  tops 
have  not  been  dead  long  enough  for 
extensive  columns  of  rot  to  develop. 


Thanks  are  extended  to  Bill  Andrews  and 
Dave  Renner  for  their  help  in  carrying  out 
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1  inch  =  2.54  centimeters 

1  foot  =  0.3048  meter 

1  cubic  foot  =  0.028  32  cubic  meter 

1  acre  =  0.4047  hectare 
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A  sample  of  133  Douglas-firs  (Pseudotsuga  menziesii  var.  glauca  (Beissn.) 
Franco)  and  69  true  firs  (Abies  spp.)  with  dead  tops  caused  by  defoliation  by 
the  western  spruce  budworm  (Choristoneura  occidentalis  Freeman)  were  felled, 
dissected,  and  examined  for  height  loss  and  incidence  and  extent  of  decay. 
Height  loss  was  negligible  for  trees  with  only  the  last  year  or  two  of  their  tops 
killed  by  defoliation  because  lateral  branches  quickly  formed  new  tops.  Height 
losses  of  trees  severely  damaged  by  top-kill  averaged  4.3  feet  for  Douglas-fir 
and  4.4  feet  for  true  firs,  but  some  trees  had  new  tops  with  an  average  length 
of  0.9  foot  for  the  Douglas-firs  and  1.1  feet  for  the  true  firs.  Only  three  trees 
were  infected  by  decay  fungi,  and  associated  loss  of  volume  was  negligible. 

Keywords:  Insect  damage  (-forest,  increment  (height),  crown  damage,  decay 
(wood),  heartwood  rot,  western  spruce  budworm,  Douglas-fir,  Pseudotsuga 
menziesii,  true  fir,  Abies  spp.,  Washington  (eastern),  eastern  Washington. 


The  Forest  Service  of  the  U.S.  Department  of 
Agriculture  is  dedicated  to  the  principle  of  multiple 
use  management  of  the  Nation's  forest  resources 
for  sustained  yields  of  wood,  water,  forage,  wildlife, 
and  recreation.  Through  forestry  research, 
cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests 
and  National  Grasslands,  it  strives  —  as  directed  by 
Congress  —  to  provide  increasingly  greater  service 
to  a  growing  Nation. 

The  U.S.  Department  of  Agriculture  is  an  Equal 
Opportunity  Employer.  Applicants  for  all  Department 
programs  will  be  given  equal  consideration  without 
regard  to  age,  race,  color,  sex,  religion,  or  national 
origin. 
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